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}1ONTE CARLO ALPHA DEPOS1TIOX

Thurman L.Tallcy and Fos[cr Evms

Thcorcrical Division
LQS Alamos National LJlmratory
k Alarnos, New Mexico, L’SA

\t~~[r,l<[; Prior work ‘,2 demon sma[ed [he impotlancc of nuclear scattering w fusion produ~t ener:!
Ll~~L)Sl[il)n in hot plasmas. This Sugges[s careful examination Of nucleM physics dcl:llis In burl~lng p].1illl.1
\llllul:ltlons, An existing L~ofl[e Carlo fsst ion transpcm code is being expanckd m be J lest kd tor lhIs
c~Jnlln:l[lon. An initial extension, the energy deposition of fas[ alpha pticles in J hot dcuterlum plww
IS reponed. The de~sirion times and deposition ranges arc modified by allowing nuclear scauen I:. l’p
10 10% oi [he imtial alpha particle energy is cmki to grca!er ranges and times by [he more mobllc rec(>ll
LiCU[erDf’Is.

(Keywords: Monre Carlo, Fast Ion, Alpha Dqmsition)

In the inwrest of brevity, rhe reader is refereed 10 an
earlier paper ] for a more complete description of the approach
and [terminology. A brief summary follows.

Fast ions arc assumed to lose energy continuously to
plasma electrons and ions through Coulomb interactions along
smaighr line patis until either a large mgle (e>eo) ion-ion
scarpering is sratistic?.lly decreed or the ion is thermalized.
Upon scattering, two fast ions emerge, the scattered ion md
rhe recoil ion. Directions and energies of the scattered and
recoil ions are randomly chosen by sampling angular
disrnbutions of the scattering prtxess, Each fast ion is uackd
by repeating this procedure until !hcnnalization. Wirh a
sufficiently large numlxr of initial fast ions, an avenge energy
dcposirion in space and time is determined.

Previously 1 [he deposition of fast deuterons in a
L!cuwrium plasma was ;epcmed. The next logical extension
was [o meal [he Impom.rtt problem of fusion alpha deposition
in a ileuterium pltima

D~~
. .
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Data describing lhe d-a :cattenng including nuclear

!-h
recesses were obtained from D C Dodder some time ago.3

ese data were recently chcck(!d against a preliminaq R-
Mamix analysis~ of [he six-n Jcieon system and it was
dcrerminrd [hat [he elastic scat[ming has been modified very
Il!:le in [hc intewening time. Whe,I tie six-nucleon analysis is
more nearly compleie, this WIII tu rcviewd again, The data
were summed in(o cumulative probability mbles and angular
distnbu[ions for use by [he Monw Carlo code, and me
continuous energy loss functions, i ub,v, and x “were evaluated
for the Coulomb interactions of a fait a~pha pmicle witi a hot
dcu[enum plasma, T%e simple Monte Carlo geometry]
remamcd unchanged

Alpha pa.nlclc energies of 1.1’, 3,6, 5.0, and 9.0 MeV
were chosen to rrprcsent the prdul:t$ of a variety of fusion
processes, The cutoff angle (90) WM !;et to 50 for [he alpha
pa.rtlcle and I(YJ for deutercm scart:rilg. Plasma elcctrou
!cmpcramrcs (kTe) of 10, 25, 50, 75, IM), and 150 kcV were
selected IO span conditions of interest, As bfore,l ion
wmpcratures were arbitrarily set .5(3% ~ater than electron
temperatures ~nd [hermalization was dccrccd for Elm s 3/2
kT,on. 10,000 Momc CarlcI alpha pilrtl~les were smrted In
cw-h case The deutcron number density was chosen 10 lx 5, I
x lo~~c-ml

The statistical quantities of the calculations are showl~

Table 1. For example, each 5-MeV a in Ii 100-keV plasr

made an average of 34.58 large angle (2 5~) collisions befa

thermalization. The average a energy following collisio
was 1.6 McV. The deuterons recoiled with m average enerl
of 41 keV so most were immediately therrnalized, RCCOI

with energies abve 225 keV [(+)2 x 100 KeV] hnd cnou[

collisions to give an average of 5.59 large nngle (2 10
collisions per recoil before ~hetmalizarion. I’he dveral
deuteron energy afur scattering was 620 kcV. The forwa
peaked cross section causes the low average n:coil energy.

Figures 1 through 4 give ~ vs R for a 3.6 \fe V
EO

particle in 10, 50, 100, 150 keV plasmas. The do[[ed Iii
shows results for Rutherford continuous energy deposition
Data at other energks arc available. Analo,~ous deposi[lc
time dasa arc SLIWavailable; art example for 36 McV at 50 Kc
is shown in Fig. 5. Table 2 gives [he frm[ion of encr~
deposited to ions by Monte Carlo (Rutherford only) for a
cases created. There is Me change in [he ion fmction.

An cxarn.ination of all the calculations shows [$a[ up
10% of tie initial alpha panicle energy is conw:ncd in[o rcco
dcuteron tluxes that exrend facrors of duee m Imh space ar
[inw beyond she alpha deposition mnges and ch:posl[wn ume
Depending on the plasma devices bclng consldcrcd, [his cd
el[her be ignored or included in the simul~l:ons If suc
ptittd3aLi0fIs aR S!gttlfiC3.fIL
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J.,’ \lev a

a-d Collisions
d-d Collisions
F= wmtercd (MeVl

Ed recoil (\lc\’)

Ed scmered (NleV)

3.6 JleV a

ad Collisions
d-d Collisions
Ea scimered (hicV)

~ recoil (MeV)

Ed scattered (MeV)

5,() \leV u

a-d Collisions
d-d Collisions
Ea smtercd (MeV)

Ed recoil (MeV)

Ed scattered (MeV)

Ul_&lcU
a-a Collisions
d-d Collisions
Eascattered (MeV)

Ed recoil (NeVl

Ed scattered (MeV)

10.86
(-).15

0.76

0.(-)12

0.32

11.25
022

0.99

0,017

0.42

12.57
0.34
1.02

0.022

0.41

12,14
0.45
1.17

0.035

0.50

18.16
0.31
0.84

0,011

0.37

21.82
1.02
1.12

0,022

0.47

~1.~1

1.34
1.27

0.028

0,52

20.76
2.27
1.52

0.052

0.62

~3.19

0.51
0.87

0,012

0.39

27.69
2.04
1.28

0.026

0.53

28.51
3,07
1.47

0,036

0,58

29.31
6.41
1.73

0,073

0.74

24.X8
(-).57

o.!19

0.012

0, ‘()

29.54
2,66
1.37

0.029

0.56

31.90
4.23
1,57

0,040

0.63

33.41
10.30

1.8s

0.084

0,79
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j,:g

1.39
(-).029
(),56

34.5fl
5.59
1.60

0.041

0.62

36,70
14.54

1.U7

0.088

0.79
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26,:()
().39
(),()()

(),()1:

[).5 I

.:6.24
7-
-. I -J

1.35

(),()29

(). rw

.39,19
5.03
1.57

0.(-)44
().7H

41.32
11,61

1.U4

(-),100

I .00

-. —-..

JF/Efur KM WV tn a [() law plilsmti

Table 2, Fractional Energy Dqmsiwd to Ions.
The numtrcm in ihc parentheses are the corrcspmiing values

t-m Rulhert-cmd only continuous deposition.
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Fig.2. Radial disrnbution of AEJE for E=3.6 MeV and
kTe=50 keV. The dotted line is Rwkford continuous energy
loss results.
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Fig. 4, Radial distribution of AE/E for E=3.6 .Mc V and
kTe=15(l keV. The dotted line is Rutherford continuous
energy loss resuhs.
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l;Ig, S. Dlswibution in lime of .\lZ,E f(w l{- ~ (I \l~hk’ iIIII

h-lc.=50 keV, The dcmcd Ime IS Ru~hcrl”tml L’tIIIIi IiIiI III\ cIIrIg:
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